ABSTRACT. The high cost of biodiesel production is mainly linked to the price of raw material.This factor has favored the use of alternative fats and oils such as those used in frying. Since biodiesel can be obtained from several vegetable and animal raw materials, the physicochemical characteristics of the fuel may vary considerably. One of these characteristics is the fatty acid composition. It directly affects the oxidative stability of biodiesel, which can be impaired when the fuel undergoes exposure to sunlight, metals, oxygen and high temperatures. In order to improve the oxidative stability of biodiesels produced from waste frying oil some studies involving blends of different raw materials have been carried out. In this sense, this work aimed to assess the characteristics resulting from the blending of soybean waste frying oil with other waste biodiesels in what concerns to oxidation. The blends of fatty materials were obtained by means of a 2² factorial design. The induction periods of biodiesel blends were enough to meet the ASTM D6751 standard. Swine fat was responsible for the increase in the induction period values.
Introduction
Due to various factors, such as the price of raw materials and production costs, biodiesel does not compete economically with its fossil similar (Ong, Mahlia, Masjuki, & Honnery, 2012) . In order to reduce these costs, alternative raw materials, such as waste frying oils, have been used (Aghabarari, Dorostkar, & Martinez-Huerta, 2014; Cremonez et al., 2015) . Among the raw materials, soybean and canola oils stand out for having large amounts of free fatty acids and unsaturated carbon chains (Serrano et al., 2014) , which compromise their oxidative stability, especially when it comes to biodiesel storage for a prolonged period of time (Serrano, Bouaid, Martínez, & Aracil, 2013) . The use of raw material whose predominant carbon chains are saturated provides more stable biodiesels, where as mono-and polyunsaturated chains lead to biodiesels that are more prone to oxidation (Serrano et al., 2014) .
The oxidative stability of biodiesel is normally affected by its exposure to oxygen, ultraviolet irradiation, metal contamination, moisture, dyes, some enzymes and high temperatures (Knothe & Dunn, 2003), moreover, it is also influenced by ester composition (saturated and unsaturated). Therefore, it is a feature that varies with each raw material. This degradation may occur during storage or in the engine system, what can affect its performance (Bouaid, Martinez, & Aracil, 2009) . To ensure the oxidative stability, certain rules were adopted in order to maintain a standard of quality, such as the ASTM D6751, which determines that the induction period must be more than 3h in Rancimat equipment.
Aiming to improve the standards and the oxidative stability of biodiesel, studies using blends of oil biodiesels and waste frying oils have been carried out to optimize the mixture of fatty acids of these raw materials (Giakoumis, 2013; Ramos, Fernández, Casas, Rodríguez, & Pérez, 2009) . In this sense, this study aims to assess the oxidative stability resulting from the blending of soybean waste frying oil with other waste biodiesels.
Material and methods

Frying process
In this work we used soybean oil (S), pequi oil (Caryocar brasiliense Camb.) (P) and swine fat (F) to fry potato chips (Solanum tuberosum L., cv. Monalisa) at a temperature of 200ºC during 5 hours.
Transesterification
Biodiesel was obtained by applying 70 g of oil or waste frying fat in the basic and homogeneous reaction of methanol transesterification for 30 minutes under constant agitation of 300 rpm and temperature of 55°C. The molar ratio alcohol/fatty material was fixed in excess of 6:1 and 1% (w/w) NaOH catalyst as a function of the mass of the fatty material, in accordance with Kumar, Tiwari and Garg (2013) and Miladinović, Krstić, Tasić, Stamenković and Veljković (2014) . We performed triplicates ofthe transesterification reactions with all fatty materials. The reaction mixture was centrifuged at 3000 rpm for 10 min. to separate the phases. Then, the esters were washed with distilled water at 55°C for 10 min. and centrifuged one more time. The biodiesel was subjected to heating (100 ± 5°C) for 10 min. for the removal of excess moisture and alcohol (adapted from Geris et al., 2007) .
Blends
After the transesterification of the fatty materials the biodiesels were blended, respecting the ratio exposed in Table 1 . 
Characterization
Conversion
In order to determine the percentage of conversion to methyl esters, we used a Perkin Elmer gas chromatograph (Clarus 680) equipped with a flame ionization detector (FID) at 250°C and a split injection system at 250°C with a ratio of 1:50 for an injection volume of 2 μL. The carrier gas flow was 1.5 mL min. . We used a capillary column (Perkin Elmer -Elite Wax, 30 mx 0.25 mm x 0.5 um.)
Oxidative stability
To determine the induction period, we used an air blowing rate of 10h -1 , which precedes the step of propagationin radical chain reactions. The oxidative stability of fatty materials was performed using Rancimat equipment, model 873 (Metrohm ® -Herisau / Switzerland) according to the official standard for the determination of oxidative stability by accelerated test (EN 14112). Table 2 shows the conversion of the transesterification of raw materials used in the study. Even when dealing with raw materials derived from frying, a quite satisfactory conversionof oil/fat was achieved (over 81%). The high conversion rate of the transesterification process emphasizes that less noble raw materials can be used without further issues, provided that they are at least subjected to some type of filtering/cleaning process. In addition to the environmental gain, the use of oils and fats derived from frying can generate economic benefits due to their low cost.
Results and discussion
Transesterification conversions
Oxidative stability of blends
After 5 hours of frying, the induction periods were sufficient to achieve the minimum time of 3h, specified by the American standard ASTM D6751, but insufficient to achieve the minimum of 6h, determined by the European standard EN 14112. Figure 1 depicts the response surface generated by the factorial design employed. Figure 1 shows that the use of biodiesel from swine fat in the blend with soybean biodiesel provided an increase in the induction period and, consequently,in the oxidative stability of the blend. Trial 3 (SF) showed the highest induction period, reaching 4.72h (Figure 2) , showing that the use of swine fat biodiesel was responsible for the increased oxidative stability of the soybean biodiesel (17.4%). One of the most important factors in the study of the oxidative stability of biodiesel is the composition of the fatty acids, since it varies according to each raw material. Such importance is due to the mechanisms involved in oxidation, which are facilitated when the presence of unsaturated fatty acids is high. According to Yakoob, Narayanan, Padikkaparambil, Unni and Akbar (2014) , as the number of unsaturation increases, so does the susceptibility of the ester to oxidation. Oils and fats with a higher presence of unsaturated fatty acids are preferred.
Vegetable oils and fats generally have greater oxidative stability than those of animal origin due to the presence of natural antioxidants such as carotenoids, flavonoids and tocopherols. The increased oxidative stability of biodiesel with swine fat can be explained in two ways: the first explanation shows that the vegetable oil refining processes are responsible for the removal of natural antioxidants, as described by Serrano et al. (2013) . The second assumption proves that a higher number of saturated chains is responsible for the increased oxidative stability, as obtained in the blending of soybean oil esters with swine fat esters. Table 3 shows a comparison of the average composition of fatty acids. Due to the high concentration of saturated fatty acids in swine fat-based biodiesel, the oxidative process may have been hampered by the temperature used in the frying process. Freire et al. (2012) showed that the oxidation by temperature is initiated at temperatures around 120°C in esters of unsaturated fatty acids. Therefore, it can be said that the oxidative process was achieved with greater intensity withthe use of raw materials with higher presence of unsaturated fatty acids.
Increased oxidative stability in blends of waste biodiesels is highly desirable, as it reduces the cost of biofuel manufacture from less noble raw materials when the conversions are satisfactorily achievable.
Conclusion
In this study, the induction periods of biodiesels produced from soybean oil, pequi oil and swine fat used in frying for 5 hours were sufficient to reach the minimum time of 3h determined by the Acta Scientiarum. Technology Maringá, v. 39, n. 3, p. 375-378, July-Sept., 2017
American standard ASTM D6751. The use of swine fat in blends with soybean waste frying oil resulted in a significant increase in the initial induction period. This gain is essential to reduce biodiesel production costs, since waste oils and fats are less noble materials. Blending factors can also bestudied further in order to optimize the gains of oxidative stability.
